The entire genome of human herpesvirus 6 (HHV-6) strain U 1102 was cloned as overlapping fragments in cosmid and plasmid vectors. Cleavage maps were constructed for the restriction endonucleases BamHl, EcoRI, NotI and SmaI. The genome of HHV-6 U1102 is a linear dsDNA of 163 kbp, consisting of a long unique 142 kbp region flanked by direct terminal repeats of 10.5 kbp. Short stretches (290 to 470 nucleotides) of DNA, four from the terminal repeats and 55 from the UL region, were sequenced and compared by computer with the known herpesvirus amino acid sequences. Homologies were found for 10 open reading frames that are scattered over the U L region of HHV-6. Their relative positions and orientations indicate that the unique region of HHV-6 is essentially collinear with the UL region of human cytomegalovirus (HCMV), but is not collinear with the other human herpesviruses. It confirms and extends earlier observations that HHV-6 is more closely related to the/3-herpesvirus HCMV, suggesting that HHV-6 may be considered as the prototype of a new 132-herpesvirus subgroup.
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The lymphotropic human herpesvirus 6 (HHV-6), formerly termed human B-lymphotropic herpesvirus, was first isolated from American patients with human immunodeficiency virus-associated lymphadenopathy, AIDS-related lymphoma and various other lymphoproliferative disorders (Salahuddin et al., 1986) . Other early virus isolates were obtained from an individual with hairy cell leukaemia in South Africa (Becker et al., 1988) and from Gambian (Tedder et al., 1987) and Zairian AIDS patients (strain Z-29) (Lopez et al., 1988) . The HHV-6 strain U1102 was obtained from a Ugandan with AIDS (Downing et al., 1987) . Seroepidemiological studies have since shown that infection with HHV-6 is very widespread. Primary infection occurs early in childhood and may cause the mild disease exanthem subitum (Yamanishi et al., 1988) . The prevalence of antibodies against HHV-6 rises to more than 90 ~ within the first three years of life. Due to a gradual decline in antibody titre, seroprevalence in the healthy adult population seems to range from 50 to 80~. Viral DNA was detected by Southern hybridization and polymerase chain reaction in lymphomas of B and T cell origin . HHV-6 infection may be accompanied by atypical polyclonal lymphoproliferations, i.e. extensive lymphoproliferative reactions mimicking malignant lymphomas (Krfiger et al., 1988; BorischChappuis et al., 1989; Ellinger et al., 1991) . However, improved serodiagnostic techniques based on defined viral antigens will be required to establish a causative role for HHV-6 in lymphoproliferative diseases. This calls for mapping of the relevant structural protein genes on the HHV-6 genome. The HHV-6 isolate Z-29 was shown to have a linear dsDNA of about 170 kbp and a unique region appeared to be flanked by terminal direct repeats of 12 to 13 kbp (P. Pellett, personal communication). To facilitate gene mapping and functional studies, we cloned the genome of HHV-6 strain Ul102 as overlapping fragments in cosmid and plasmid vectors, derived cleavage maps and determined collinearity with other herpesvirus genomes by partial DNA sequencing.
HHV-6 was grown in the T cell line HSB-2 (Ablashi et aL, 1987) or in cord blood lymphocytes which were stimulated by phytohaemagglutinin (Sigma) and interleukin-2 (Euro-Cetus). Virions were purified by sucrose gradient sedimentation. The DNA was isolated in CsC1 density gradients (Fleckenstein et al., 1978) , partially digested with Sau3AI, and ligated into the BamHI site of the cosmid vector PWE 15 (Wahl et al., 1987) . More than 1000 cosmid clones were screened by restriction endonuclease cleavage. We selected a set of seven clones containing 160 kbp of continuous sequence in overlapping fragments (Fig. l a) . Cleavage maps were derived for the restriction endonucleases BamHI, EcoRI, NotI and Sinai by partial and double digestion, and by cross-hybridization with isolated 32p-labelled fragments (Fig. 1) 
The cleavage maps were derived by partial and double digestion mapping and cross-hybridization with 32p-labelled restriction fragments. Arrows indicate sizes of the terminal repeats. The precise lengths of restriction fragments are given in Table 1 . Fragment numbering refers to Table 1 . (b) The positions of cosmids (pMF147-31, pMF147-45) and BamHI or EcoRI plasmid clones containing the homologous ORFs 1 to 10 are shown. The relative orientation of these plasmid clones was determined by hybridization of end-labelled oligonucleotides to enzymically digested cosmid clones or by sequencing neighbouring clones. Numbering of the conserved HHV-6 genes refers to Table 2 .
BamHI and five NotI fragments are summarized in Table 1 . The physical ends of the genome were cloned by treating the high Mr virion DNA with mung bean nuclease (GIBCO/BRL) followed by cleavage with either PstI or BamHI. The fragments were ligated into the Bluescript vector (Stratagene) which had been doubly cleaved with SmaI and either PstI or BamHI respectively. A 5 kbp BamHI restriction fragment (pMF348-2) was obtained from the left, and a 9 kbp PstI restriction fragment (pMF307-6) from the right end of the HHV-6 genome. The two terminal fragments contained some identical sequences, and both clones hybridized to the cosmids pMF220-21 and pMF228-14 (Fig. 1) . Further physical mapping of the end fragments showed that the genome of UI102 consists of a long region of about 142 kbp. The size of the tandem repeat structures was determined to be 10-5 kbp.
The sequences of 59 short stretches of DNA (between 290 and 470 nucleotides) distributed randomly over the genome were determined to identify the position of typical conserved herpesvirus genes. The ends of cosmid clones and their EcoRI and BamHI subclones were used as double-stranded templates for sequencing by the dideoxynucleotide chain termination method as described in detail by Albrecht & Fleckenstein (1990) . Data were analysed by the Genetics Computer Group (Madison, Wis., U.S.A.) sequence analysis package. Open reading frames (ORFs) of at least 50 amino acids were used for homology searches with the computer program FASTA (Pearson & Lipman, 1988) in a library containing all of the published herpesvirus sequences. FASTA scores of more than about 100 were usually regarded as significant if the second highest did not reach more than 50~. Twelve of the 59 sequences showed significant homologies to 10 different ORFs of the human cytomegalovirus (HCMV) strain AD169 (Table 2, Fig. 1 b) . Seven of these reading frames (4 to 10; Table 2 , Fig. 1 b) belong to groups of genes that are typically conserved across all of the sequenced human herpesvirus genomes. However, the seven HHV-6 genes are most closely related to their HCMV counterparts. ORFs 1 to 3 of HHV-6 were found to be homologous to the HCMV genes UL31 to UL33, respectively . The HCMV gene UL32 codes for the large 14.5 * Sizes are given in kb. The order of restriction is from left to right according to the genome orientation of Fig. 1 and 2. structural phosphoprotein pp 150 which is highly immunogenic and useful for serodiagnosis after prokaryotic expression (Jahn et al., 1987) . The HHV-60RF 3 is homologous to UL33 of HCMV. The latter shows homology to the G protein-coupled receptor family . As shown in Fig. 2 , all of these HHV-60RF sequences are in a collinear arrangement relative to the UL region of HCMV. In contrast, the homologous genes of herpes simplex virus type 1 (HSV-1) and Epstein-Barr virus (EBV) are extensively rearranged relative to the order of HCMV and HHV-6 genes.
Our mapping data have confirmed the finding (P. Pellett, personal communication) that the genome of HHV-6 consists of a long unique dsDNA segment flanked by terminal repeats in tandem orientation. The genome of Ul102, which is about 163 kbp in length, appears to be shorter than that of Z-29 (170 kbp; P. Pellett, personal communication). A similar structure has been found before for channel catfish herpesvirus (Chousterman et aL, 1979) but not for other herpesviruses. Efstathiou el "al. (1988) detected nucleotide sequence homologies between HHV-6 and HCMV. Based on nucleotide sequencing of a contiguous 21 kbp segment (indicated by the cross-hatched area in Fig. 2) , Lawrence et al. (1990) concluded that of all human herpesviruses sequenced so far, HHV-6 is most closely .
~" Amino acid similarities were determined according to Dayhoff et al. (1978) .
$ FASTA scores were calculated according to Pearson & Lipman (1988) . . We wish to suggest that antigenic cross-reactivity, sequence homology and collinear gene organization justify subclassification of HCMV and its close relatives into a fll-herpesvirus subgroup, thus designating HHV-6 as a fl2-herpesvirus. Our set of overlapping cosmid and plasmid clones from the HHV-6 strain Ul102 will facilitate studies on gene mapping, localization of antigenic epitopes and analysis of the expression pattern.
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